ABSTRACT. This study aims at observing the expression of activated Src tyrosine kinase in esophageal squamous cell carcinoma (ESCC), and exploring the relationship of Src tyrosine kinase with the occurrence and progression of ESCC. Immunohistochemistry, immunofluorescence, and immunoblotting are employed to investigate the expression of Src tyrosine kinase in the ESCC tissue. Cellular immunofluorescence is used to measure the expression of activated Src tyrosine kinase in TE1 and TE9 cell lines of human ESCC tissues and EPC1-htert and EPC2-htert cell lines of esophageal epithelial cells. Src tyrosine kinase is overexpressed in ESCC tissue and underexpressed in normal esophageal mucosa. Furthermore, it is overexpressed in the TE1 and TE9 cell lines of human ESCC tissue and underexpressed in the EPC1-htert and EPC2-htert cell lines of esophageal epithelial cells. Src tyrosine kinase shows a higher expression in human ESCC tissue than in normal esophageal mucosa. The difference is statistically significant (P < 0.05). The activation of Src tyrosine kinase plays an important role in the occurrence and development of ESCC.
INTRODUCTION
Tumor malignancy is one of the main factors causing human death, being the number one cause of death in some developed countries, with its morbidity and mortality increasing every year. The incidence of digestive system malignancy accounts for approximately 2/3 of the whole body malignancy. Esophageal carcinoma is one of the most common digestive system malignancies spreading around the world (Chen et al., 2013) , with China being a high-incidence area of the type of carcinoma. In China, esophageal carcinoma mortality accounts for 21.8% of the whole cancer mortality, while in the Henan Province of China, it accounts for about 40% of the total carcinoma mortality. About 25,000 people on average die of esophageal carcinoma per year in China (Song et al., 2012) . Esophageal carcinoma originates from esophageal mucosal epithelial basal cells. In the high-incidence areas in China, its pathological type is mainly manifested as ESCC, which accounts for about 95% of the cases. Therefore, research on ESCC presents obvious practical significance (Wen et al., 2013) .
Src tyrosine kinase belongs to the non-receptor, tyrosine kinase family. The activation of kinase is involved in the signal transduction process related to multiple cell functional activities, such as proliferation, differentiation, movement, migration, and angiogenesis (Sancier et al., 2011; Huang et al., 2012) . In fact, Src tyrosine kinase can also interact with many proteins, including platelet-derived growth factor receptor, vascular endothelial growth factor receptor, and human epidermal growth factor receptor (Ischenko et al., 2010) . Due to historical reasons, research on the Src Family Kinase Src (SFKS) in carcinoma majorly focused on the fibroblasts of birds and mammals and human hematopoietic cells (Ma et al., 2012) . Recently, many studies show that the abnormal overexpression of Src tyrosine kinase is associated with the occurrence of multiple epithelial-originated tumors, i.e., human colon carcinoma, breast carcinoma, and nonsmall cell lung carcinoma (Chellappa et al., 2012; Lv and Tian, 2012) .
This study is designed with the following purposes: firstly, to explore the relationship of Src tyrosine kinase and ESCC through different methods; secondly, to observe the interactions of Src tyrosine kinase and ESCC by transfecting related signal molecule plasmid DNA; finally, to reveal possible negative regulatory mechanism and involved molecules of Src tyrosine kinase in ESCC.
MATERIAL AND METHODS

Materials
The specimens were collected from 20 ESCC operations in our hospital, including ESCC tissue and normal esophageal mucosa tissue adjacent to carcinoma. After resection, part of the specimens were labeled and immediately reserved in the refrigerator at -20°C.
Human ESCC TEI cell line was purchased from Huhhot Moer Biotechnology Co., Ltd., China. The human esophageal mucosa epithelial EPCI-hTERT cell line was purchased from Shanghai Boye Biotechnology Co., Ltd., China. DMEM culture medium was purchased from Fermentas Co., Ltd., USA. Human Srcasm plasmid was purchased from Baoman Biotechnology Co., Ltd., China. DAB substrate kit was purchased from Fermentas Co., Ltd., USA. Labeled goat anti-rabbit IgS (IHC) was purchased from Ruiqi Biological Technology Co., Ltd., China. Bovine serum albumin was purchased from Ruiqi Biological Technology Co., Ltd., China. LIP of ectamine reagent was purchased from Sigma Co., Ltd., USA. EL-Einsatz microscope was purchased from Corvallis Co., Ltd., USA. Inverted microscope was purchased from Labnet Co., Ltd., USA.
Immunohistochemical staining
After being placed in tissue boxes and labeled, carcinoma tissues were immersed in 5% neutral formalin for fixation for 48 h, and washed with water for 12 h. Afterward, they were dehydrated by gradient ethanol and immersed in dimethylbenzene for transparency treatment. After being embedded in paraffin, they were sectioned. All specimen sections were put on stainless steel slice planes of an oven at 55°C for dewaxing for 15 min, and washed in 100% ethanol solution for 10 min. Then, they were incubated in citrate buffer, pH 6.0, at 85°C for 60 min, cooled at room temperature for 30 min, and washed for 10 min with distilled water. Afterwards, they were placed in 3% H 2 O 2 for 10 min to inactivate endogenous peroxidases and biotin, washed with distilled water for 10 min and with phosphate-buffered solution (PBS) for 5 min, followed by, finally, an incubation in bovine serum albumin for 1 h at room temperature.
The sections obtained above were firstly incubated in antibody dilution at 4°C overnight and then rewarmed at room temperature for 30 min. After the first antibody dilution was removed, they were washed three times with PBS, 10 min for each time. Secondly, the sections were incubated in affinity purification biotin-marked goat anti-rabbit polyclonal immunoglobulin dilution for 30 min. After the second antibody was removed, they were washed three times with PBS, 10 min for each time. Thirdly, the sections were incubated in horseradish peroxidase solution for 40 min, and then washed three times with PBS, 10 min for each time. Fourthly, the sections were incubated in DAB substrate chromogenic reagent kit, and then washed for 10 min with distilled water. Fifthly, they were re-stained using hematoxylin and washed with flow water. Finally, we dropped a droplet of sealing section liquid on glass slide tissue, then put cover glass on this sealing section liquid from one corner and slowly covered it with cover glass. With the cover glass downward on absorbed paper, the slide was observed on the microscope.
Immunohistochemical staining intensity analysis
All sections were inspected by two independent pathologists at our hospital, in order to judge the staining intensity and staining range of the ESCC and control groups. The staining intensity grading was as follows: 1) no staining, 2) weak staining, 3) moderate staining, and 4) intensive staining. The staining range classification was: 1) 0-25%, 2) 25-50%, 3) 50-75%, and 4) 75-100%. The staining index is the product of staining intensity and staining range, with the maximum staining index being 18 and the minimum being 0 (Richendrfer et al., 2009 ).
Immunofluorescence observation of tissue section
Sections were firstly incubated in citrate buffer, pH 6.0, for 20 min at 85°C. After being placed at room temperature for 30 min, they were washed with distilled water for 10 min. Then, they were immersed in 3% H 2 O 2 for 10 min to inactivate the endogenous peroxidases and biotin, and washed with distilled water and PBS for 10 and 5 min, respectively. After that, they were incubated in sealing liquid for 1 h at room temperature for sealing non-specific antigens. Then, they were incubated in the antibody dilution at 4°C overnight and rewarmed for 30 min. After this antibody dilution was removed, they were washed with PBS and high salt PBS for 10 min each. Then, they were incubated with the second antibody dilution in cassette for 1 h. After the second antibody dilution was removed, they were washed with PBS and high salt PBS for 10 min each. Finally, they were sealed using ProLong Gold antifade reagent with DAPI sealing liquid, and observed on the microscope.
Cell culture
The conventional culture method was used for the TE1 and TE9 cell lines. They were cultivated in DMEM culture solution containing 10% fetal bovine serum at 37°C and saturated humidity with 5% CO 2 . Culture solution was replenished every 3 days. These cell lines underwent one passage and the cells in the logarithmic growth phase were used as experimental objects.
The EPC1-htert and EPC2-htert cell lines were cultivated in K-SFM medium culture solution comprising 40 mg/mL bovine pituitary extract, 1.0 ng/mL epidermal growth factor (EGF), and 100 IU/mL streptomycin, at 37°C and saturated humidity with 5% CO 2 . The culture solution was replenished every 4 days. These cell lines underwent one passage and the cells in the logarithmic growth phase were used as experimental objects.
Protein expression level by Western blot analysis
Protein samples stored at -80°C were placed on ice. According to protein concentration, we extracted certain protein samples and mixed these samples with loaded buffer into the same volume. After being oscillated to be even, the solutions obtained were subjected to rapid centrifugation for 15 s through low-temperature ultracentrifugation. Then, they were drybathed for 10 min at 100°C to fully denature the proteins. After being moved into ice-bath for a 10-min incubation, they were re-centrifuged rapidly for 15 s. The samples obtained were placed in ice-bath for use. Sample-adding holes were blown by pipettes. Isopyknic standard protein samples were added into these holes. The blank hole was injected with the same volume of just loading buffer. Then, we closed the electrophoresis tank cover and proceeded with 130-V steady electrophoresis until the tracers arrived at the bottom of gel plate. The gels obtained were removed and the lower right corners of the gels were cut to mark direction. Then, these gels were moved to transfer membrane buffer for a mild oscillation of 10 min (70 rpm). Meanwhile, the polyvinylidene difluoride membranes in appropriate sizes were cut and put in methanol for activation for 1 min. Finally, by referring to the operating instructions of the ECL reagent kit, we completed the exposure, fixation, and visualization.
Construction of Srcasm adenovirus vector (Ad-Srcasm)
The liposome method was employed for the transfection of human pcDNA3.1-Srcasm vector into human ESCC TEI cell lines, using a pcDNA3.1 empty vector (Mock) as control. Human ESCC TE1 cell lines were infected by Ad-Srcasm with an infection multiplicity of 100, with the adenovirus containing bacterial LacZ promoter in the green fluorescent protein coding region (Ad-GFP) as control. At the same time, the blank control group was set. The proteins of the cells harvested were extracted using RIPA plus inhibitor cell lysis. The concentrations of the proteins were obtained using the standard curve method and conventional western blot detection.
Transfection of pcDNA3.1-Srcasm plasmid to human ESCC TE1 cell line
Human ESCC TE1 cell lines were cultured on 6-cm culture dishes using the conventional method, with 60% contact. They were transfected with different doses (0, 0.125, 0.25, 0.5, l, and 2 mg) of pcDNA3.l-Srcasm plasmid DNA. The proteins obtained were detected through western blot.
Statistical analysis
The normality test was conducted in routine. The experimental data are reported as means ± standard deviation. Single variable between the data of two groups employed the Student t-test. P < 0.05 was defined as statistical significance. The data were processed using the SPSS 13 statistical software.
RESULTS
Expression of Src tyrosine kinase in ESCC tissue and normal mucosa tissue by immunohistochemistry
According to immunohistochemical staining analysis, cells were in dark staining color, close arrangement, and irregular shapes in ESCC tissue, as shown in Figure 1 .
Staining intensity of Src tyrosine kinase protein in ESCC tissue and normal mucosa tissue by immunohistochemistry
The immunohistochemical staining indexes of all sections were analyzed through a semi-quantitative method. The maximum staining index was 25, and the minimum was zero. The staining indexes of Src tyrosine kinase protein in ESCC tissue (18.62 ± 4.30) were significantly higher than those in normal mucosa tissue (7.31 ± 2.56), as shown in Figure 2 (P < 0.05). 
Expression of Src tyrosine kinase in ESCC and normal mucosa tissue by immunofluorescence
The fluorescence intensity of Src tyrosine kinase in ESCC was significantly higher than that in normal mucosa tissue. The nucleus was stained in dark color. After nucleus removal, the fluorescence intensity of the cytoplasm in ESCC was also higher than that in normal mucosa tissue, as shown in Figure 3 . 
Expression of Src tyrosine kinase in ESCC and normal mucosa tissues by western immunoblotting
Through western immunoblotting, it was observed that the expression of Src tyrosine kinase protein in ESCC was statistically higher than that in normal esophageal mucosa (P < 0.05). The gray level was measured using the Quantity-one software and through b-actin standardization. The results showed that the expression of Src tyrosine kinase protein in ESCC was significantly higher than that in control group, as shown in Figure 4 . 
Expression of Src tyrosine kinase expression in ESCC TE1 cell line and esophageal epithelial EPC2-htert cell line by immunofluorescence
Texas red was used to label the second antibody and DAPI re-staining was used to highlight the nucleus. The expression of Src tyrosine kinase protein was observed under green fluorescence. The results indicated that the expression of Src tyrosine kinase protein in the ESCC TE1 cell line was higher than that in esophageal epithelial EPC2-htert cell line, as shown in Figure 5 . 
Expression of Src tyrosine kinase in TE1, TE9, EPC1-htert, and EPC2-htert cell lines by immunoblotting
Through western immunoblotting, it was found that the expression of Src tyrosine kinase in ESCC TE1 and TE9 cell lines was significantly higher than that in normal esophageal epithelial EPC1-htert and EPC2-htert cell lines (P < 0.05), as shown in Figure 6 . 
Identification of human ESCC cell line TE1 after pcDNA3.1-Srcasm plasmid DNA transfection and Ad-Srcasm adenovirus infection
The results showed that Srcasm protein expression of the TE1 cell line treated by pcDNA3.1-Srcasm and Ad-Srcasm was significantly increased. This phenomenon suggests that plasmid DNA transfection and adenovirus infection are both feasible. The gray level was measured using the Quantity-one software and through b-actin standardization. The results showed that the efficiency of pcDNA3.1-Srcasm plasmid DNA transaction was higher than that of Ad-Srcasm adenovirus infection, as shown in Figure 7 . 
Dose-dependent experiment of human ESCC cell line TE1 transfection by pcDNA3.1-Srcasm plasmid DNA
The experimental results showed that the expression of Srcasm protein in TE1 cells increasead gradually with the growing of the transfection dose of pcDNA3.l-Srcasm plasmid DNA. This phenomenon demonstrated that transfection was favorable. Meanwhile, the expression of activated Src tyrosine kinase reduced gradually. The gray level was measured using the Quantity-one software and through b-actin standardization. The results indicated that with the increase of the transfection dose of pcDNA3.l-Srcasm plasmid DNA to the TE1 cell line, the expression of Srcasm showed a negative correlation with Src tyrosine kinase protein expression. We propose that Srcasm may play a negative regulatory role on the activated Src tyrosine kinase, as shown in Figure 8 . 
DISCUSSION
Esophageal carcinoma is a common digestive tract malignancy. More than 200 thousand people die of esophageal carcinoma around the world each year, with China being one of the high-incidence areas of this type of carcinoma. Esophageal carcinoma ranks second, after gastric carcinoma, in terms of mortality. In the high-incidence areas of esophageal carcinoma in China, the pathological pattern of esophageal carcinoma is mainly concentrated on ESCC, which accounts for about 95% of the cases . Previous studies suggested that the occurrence of esophageal carcinoma was related to nitrosamine compounds, trace elements deficiency, and genetic susceptibility. However, they did not determine the definite pathogenesis of esophageal carcinoma. This situation is one of the key reasons that still lead to unsatisfactory treatment effects (Chattopadhyay et al., 2009 ). The esophageal mucosa surface is covered with stratified squamous epithelium, with the normal esophageal mucosa epithelium being able to proceed self-renewing to maintain epithelial cell growth and terminate differentiation (Lu et al., 2010; Pink et al., 2011) . Controlling how esophageal epithelium transfers from differentiation to proliferation is one of the approaches to cure esophageal epithelium diseases. This approach is especially significant to the pathogenesis study of esophageal carcinomas .
The Src tyrosine kinase family comprises at least 9 kinds of non-receptor tyrosine kinases with highly similar structures, which are Src, Fyn, Yes, Lck, Hck, Lyn, Blk, Yrk, and Fgr. Src tyrosine kinase is constituted by the N-myristoylation sequence, single sequence, SH2 structural domain, SH3 structural domain, kinase domain, and C-regulatory domain (Takadera et al., 2012) . Through the N-myristoylation radical, Src tyrosine kinase is anchored on the inside of plasma membrane. The SH2 structural domain consists of about 100-amino acid residues that are used in specific recognition and bind to a short peptide containing phosphotyrosine. The SH3 structural domain comprises about 50-amino acid residues, which can combine with the target protein through proline and hydrophobic amino acid residues. The kinase domain contains the positive regulatory autophosphorylation site Y416 and the C-regulatory domain contains the negative regulatory autophosphorylation site Y527 (Wortmann et al., 2011) . The SH3 domain is also crucial for cytoskeleton recombination and Src protein translocation, while the SH2 and kinase domains are important in signal transduction (Mittal et al., 2011) . In normal cells, Y527 is prone to be phosphorylated due to the presence of the Src kinase (CSK) at the carboxyl terminal. Then, the combination of phosphorylated Y527 and SH2 domain leaves the SFKs protein in an inhibitory state with a curling head and tail. However, as for the cells that have developed into cancer or in the mitotic phase, the SFK protein is placed in open conformation due to the Y527 phosphorylation decomposition and Y416 selfphosphorylation. Thus, they can be activated (Yu et al., 2011; Bai et al., 2012) .
Once it is activated, Src tyrosine kinase can participated in multiple-functional activities in vivo, including proliferation, differentiation, cell movement, migration, and angiogenesis. However, the carcinogenicity of the overexpression of wild Src is very weak (Campone et al., 2012) . In addition, some studies have shown that the Src kinase activation caused by mutation is rare in a variety of human tumors (Zheng et al., 2011) . In short, due to the variation potential limitation and the activity mutation deficiency of Src kinase in human tumors, further studies on the effects of Src tyrosine kinase to the occurrence and progression of tumors have been hindered for a long time. Recently, some studies have reported that the overexpression of wild Src can promote the activity of other signaling pathway molecules (Elsberger et al., 2010; Yasmeen et al., 2010) . In fact, Src kinase has been proven to be able to react with a variety of proteins, including receptor tyrosine kinase-colony-stimulating factor receptor-1, plateletderived growth factor receptor, vascular endothelial growth factor receptor, human epidermal growth factor receptor-2, and human epidermal growth factor receptor-3 (Ferrando et al., 2012; Nagaraj et al., 2013) . Other acting factors include signal transduction and transcription activation factors, heterotrimeric G protein, mitogen-activated protein kinase (MAPK), cyclin D and E, and focal adhesion kinase (Khoury et al., 2009 ). In antigen-presenting cells, the tyrosine kinase Fyn in Src family has a gathering effect that can be activated by the proteins of lymphocyte activation molecule family through its SH3 structural domain (Sarkar et al., 2012) . Recently, a number of studies have shown that the activation of Src tyrosine kinase is associated with the occurrence and progression of multiple-human malignancies (Basu et al., 2009) . Ueda et al. (2009) indicated that activated Src tyrosine kinase was related to the occurrence of colon carcinoma. Especially for patients that had developing colon carcinoma metastasis, the expression level of Src tyrosine kinase was higher (Ueda et al., 2009) . Through ELISA, Zhao and Planas-Silva (2009) confirmed that the activated Src tyrosine kinase level in colon carcinoma tissues was twice higher than that in normal mucosa tissue adjacent to carcinoma. Moreover, it was positively related to the stage of the colon carcinoma (Zhao and Planas-Silva, 2009 ). The present study detected the activated Src tyrosine kinase level in 30 cases of ESCC and 30 cases of normal esophageal mucosa using immunohistochemistry and immunofluorescence. The results showed that the expression of Src tyrosine kinase protein in ESCC was significantly higher than that in control group. Simultaneously, we measured the expression of Src tyrosine kinase in ESCC TE1 and TE9 cell lines with human esophageal mucosa epithelial EPC1-Htert and EPC2-htert cell lines as control group and obtained similar results. It was prompted that the activation of Src tyrosine kinase is a common phenomenon of ESCC and was involved in the signal transduction formed by ESCC.
However, it is perceived that the activity mutation of Src tyrosine kinase is rare in many human tumor tissues. Therefore, the impairment of the negative regulatory mechanism of Src tyrosine kinase may be the main reason inducing the expression level increase of Src Genetics and Molecular Research 15 (3): gmr.15038026 tyrosine kinase in these human tumors (Oh et al., 2008) . Unfortunately, this study merely takes human ESCC cell lines as research objects to prove that Src tyrosine kinase may participate in different expressions regulating ESCC. Furthermore, in vivo experiments are still lacking. Thus, further studies are required to further prove the results obtained and deeply recognize the corresponding mechanism.
